ABSTRACT
INTRODUCTION
A distribution system consists of network components. Failures of the components can lead to a system failure. The component outages are the root cause of a system failure. In the reliability analysis of a distribution system, the system performance can be estimated from the knowledge of the reliability data of individual system components. These data are valuable because they establish the feedback of data from the network operation field, monitor the network equipment, help to identify network weak areas, and allow this feedback information to be used in system analysis and predicting the values in future system planning. Meaningful reliability analysis requires reasonable and acceptable data. The quality of the data has fundamental importance for the reliability analysis. If the quality of the data cannot be guaranteed, the results of the reliability analysis will not make sense. However, the valid data are expensive to collect. The component reliability performance statistics are not easy to obtain. There is always uncertainty associated with network component reliability. The component reliability data can be established from operational field data. The network companies usually collect data of outage occurrences on power systems, but these data are often limited for reporting system performance. The data collections at many utilities have not been orientated to produce component reliability data. As a result, these utilities do not have enough and confidence historical component reliability data to perform reliability assessment, and are not confident that other sources of the data are representative for their systems. In Sweden many power utilities do not have enough these data available. This paper presents the results of a project recently performed by the power company, Vattenfall, in Sweden. The purpose of the project is to improve the component reliability data, and provide the complemented reliability data, and by doing so, to overcome more or less present difficulties in obtaining the component reliability data and to aid the power utilities in reliability analysis of power distribution networks. The project analyzed a large sample size of distribution outages recorded by more than a hundred power utilities in Sweden during 2004 -2005 . The reliability data at a number of individual utilities were also studied. To investigate the impact of the uncertainty in the reliability data, a series of reliability simulations are performed to analyse how the variations in reliability of network components affect the system reliability and how the calculation results vary with respect to the uncertainty in the reliability data. The detailed failure statistics and the results of the simulations are presented and discussed in the paper.
DATA ACQUISITION AND PROCESSING

Reliability Data
The component reliability data describe the reliability of the electric equipment. They reflect the two processes involved in component behavior, the failure process and the restoration process. The data associated with these two processes can be described by the following basic statistics:
• Failure rate, expressed as number of failures per unit year.
• Outage duration, the time to repair or replace a component after it has failed in service, expressed in hours per failure.
• Unavailability, the production of failure rate and downtime in year. To derive the reliability data, the failure events are counted within each component category in a defined period of time, and the failure rate, average outage duration and unavailability can be estimated by: 
Data Acquisition
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DATA SOURCES
The electric power utilities in Sweden record and document the outages together with the associated details. Their outage statistics are annually reported to the national database, DARWin, maintained by Swedenergy, Swedish energy industry organization. The DARWin is a comprehensive operation interruption and outage reporting computer system. This database is used to generate the national outage statistics, and gives annual reliability indices such as SAIFI, SAIDI, and the interruption cause contributions for Sweden as a whole. Over a hundred electrical power utilities in Sweden participate in the data collection and reporting of the national interruption and outage statistics. The database covers all system voltages, and for distribution systems includes voltages of 0.4 -24 kV. It also contains the information associated with each outage occurrence. The data identify the major distribution equipment categories, including distribution lines and cables, transformers, fuse boxes, apparatus cabinets, and stations. The database covers all the major power utilities in Sweden, and provides fundamental statistics for the practical measure of the equipment performance. It is therefore used as an important data source in the project. Power utilities document usually the outages in one form or another. The data collections at the utilities provide the information in more detail. The outage records and statistics at a number of power companies are also used for the project. Table 1 summarizes the data sources of the project. It gives the number of interruption and outage occurrences from the different sources that are studied in the project. These outage records are used as input in the project to deduce the component reliability data. Figure 1 gives overview of these outages by the equipment categories. Approximately 55 000 outages occurred on the distribution lines and cables. As can be seen from the figure, the lines and cables have significantly higher failure occurrences than other component categories. Over 50% of these outages were on the distribution lines and cables. Table 2 and 3 list the reliability data of distribution lines and cables derived from the project. The "All Sweden average'' values are derived based on the outage records reported by over one hundred power utilities to the national database. The "Utility average'' value is the data average of the companies participating the project.
OUTAGES BY EQUIPMENT CATEGORIES
Table 2 Summary of the distribution line reliability data
It is seen that the failure rates of the bare conductor lines are significantly higher than insulated lines. The all Sweden average value of the failure rate of 0.4 kV bare conductor lines is about eight times than that of the insulated lines. 
Transformers and distribution devices
Examining the failures on transformers and distribution devices gives the reliability data shown in table 4. By comparing the failure rates from different companies it is indicated that the values are almost of the same magnitude. 
IMPACT OF RELIABILITY DATA
The project studied the impact of the uncertainty in the reliability data on the results of the reliability analysis. The reliability simulations are performed on a test system that has typical feeder structures of many distribution systems and consists of network components, including overhead lines, cables, transformers, breakers, and switch devices. The uncertainties are simulated by varying the magnitudes of the data. Figure 3 shows the effect of increasing the failure rate of overhead lines by 50% on the system reliability indices. The calculations indicated that the variations in the data result in the variations of the failure rates of all the load points connected to the overhead lines with the degree of 47% -49%. The system indices vary significantly by 40% -47% when the failure rate of the lines varies by 50%. To identify the impact of different component categories, a series of comparative sensitivity simulations were performed. Figure 4 ranks the components according to their impact on the results of the reliability calculations. It is observed that the rank of the impact on the reliability indices follows the same pattern as that of the magnitude of the component reliability data. The higher the component failure rates, the severer their impact on the system indices. This confirmed that the quality of the reliability data is of fundamental importance to the reliability calculations. 
CONCLUSIONS
The paper presents the equipment reliability data based on a large sample size of the outages recorded by power utilities in Sweden. The component reliability is a function of a number of factors. Component outage durations are more a function of a power system and its operation and restoration methods than an inherent function of the equipment itself. The reliability data given in this paper represent the average performance statistics and should be regarded as generic. The quality of the reliability data is of fundamental importance to the reliability analyses. The uncertainty in the component data may affect the system reliability analyses significantly.
